Deer tick virus (DTV), a genetic variant (lineage II) of Powassan virus, is a rare cause of encephalitis in North America. We report a fatal case of DTV encephalitis following a documented bite from an Ixodes scapularis tick and the erythema migrans rash associated with Lyme disease.
Powassan virus (POWV) is a rarely reported cause of human encephalitis [1] . Two variants or subtypes of POWV are recognized in North America (POWV lineage I and POWV lineage II or deer tick virus [DTV] ), each with separate enzootic cycles and primary tick vectors. POWV lineage I is predominantly maintained in an enzootic cycle between the tick vector Ixodes cookei and groundhogs. In 1996, POWV lineage II or deer tick virus, was identified in a separate enzootic cycle between Ixodes scapularis ticks and the white-footed mouse, and first documented as a cause of human encephalitis in 2009 [2] [3] [4] [5] [6] . Because POWV lineage I and DTV are serologically indistinguishable, the only definitive means of identifying the precise etiologic agent has been by molecular phylogenetic analysis of polymerase chain reaction (PCR)-amplified viral RNA from clinical samples [5] .
Although 1%-3% of I. scapularis ticks in the northeast United States may be infected with DTV [2, 3] , only 4 cases of POWV encephalitis have been definitively attributed to DTV [6] [7] [8] . We present the fifth case, which occurred in a 72-year-old woman shortly after treatment for erythema migrans.
CASE REPORT
A 72-year-old woman was admitted with fever, altered mental status, hypotension, and oliguria after a tick bite.
One month prior to admission, she removed a tick identified as I. scapularis from her left breast and was prescribed a prophylactic dose of doxycycline 200 mg.
One week prior to admission, she presented to the emergency department for removal of another embedded tick in her left shoulder. Four days later she was seen in the emergency department after developing myalgias, chills, and erythema migrans rash on her left scapula. She was discharged with 14 days of doxycycline 100 mg twice daily.
A day later she developed fever, arthralgias, and headache and was hospitalized. Doxycycline was continued and intravenous ceftriaxone was initiated. Within 24 hours of admission, she was transferred to the intensive care unit due to hemodynamic instability. She developed visual hallucinations and became confused. By hospital day 4 she was obtunded and hypotensive. She was thrombocytopenic (platelets 21 000) and had developed oliguric acute kidney injury.
The patient was transferred to a tertiary facility and intubated for airway management on hospital day 5. Cerebrospinal fluid (CSF) was remarkable for a white blood cell count of 119 (97% polymorphonuclear cells, 0% lymphocytes, and 3% monohistiocytes), glucose 79 mg/dL, and protein 42 mg/dL. Vancomycin, piperacillin-tazobactam, doxycycline, and acyclovir were administered. Viral and bacterial cultures were subsequently negative, as was testing for herpes simplex virus and Borrelia burgdorferi DNA by PCR of the CSF. Without improvement, antibiotics were changed to vancomycin and meropenem. Additional diagnostic test results are summarized in Table 1 . Sera for POWV antibody testing was sent to the Centers for Disease Control and Prevention (CDC) for acute and convalescent testing.
By day 10 after transfer, the patient had no spontaneous movements of her extremities and did not respond to tactile or painful stimuli upon lightening of sedation. Pupils were equal and weakly reactive. She exhibited roving disconjugate eye movements, trace corneal reflexes bilaterally, positive oculocephalic reflex, and flaccid tetraplegia with reduced tone. Electroencephalography showed organized, symmetric activity in the 5-6 Hz range and no epileptiform features. Brain magnetic resonance imaging revealed extensive T2 hyperintense signal abnormality centered along the cerebellar cortex including the vermis, patchy areas within the pons centrally, midbrain, ventrolateral thalami, and the dentate nuclei. Electromyography revealed neurophysiologic evidence of an axonal polyneuropathy affecting mostly motor nerves but with a sensory component as well.
Repeat lumbar puncture results were normal with the exception of a CSF protein of 103 mg/dL. Convalescent serum testing with plaque neutralization assay for antibody to POWV was positive.
No significant neurologic recovery occurred and care was withdrawn. The patient died, and limited autopsy was performed. Histopathology revealed severe loss of anterior horn cells in the spinal cord and a diffuse meningoencephalitis of the brain. The temporal lobes, hippocampus, putamen, brainstem, and cerebellum were most prominently involved. Cerebellar histology showed a severe loss of Purkinje cells.
METHODS

Serologic Testing
Diagnostic testing for antibody to POWV (Division of VectorBorne Diseases, CDC in Fort Collins, Colorado) consisted of immunoglobulin M (IgM) capture enzyme-linked immunosorbent assay (ELISA) and immunoglobulin G (IgG) capture ELISA followed by plaque-reduction neutralization test (PRNT) as previously described [4] . Sera from mice inoculated with brain tissue (Sam Telford, Tufts University) from the case patient was analyzed by indirect immunofluorescent antibody test using BHK-21 cultivated DTV (Ipswich 001 strain) as well as by enzyme immunoassay using recombinant DTV envelope protein.
Powassan Virus Subtype Characterization and Isolation
RNA was extracted from the case patient's brain tissue using spin columns (Qiagen, Inc). POWV RNA was detected (Sam Telford, Tufts University) by reverse-transcription PCR (RT-PCR; Qiagen OneStep RT-PCR kit) using POW1/POW2 primers that target a 291-bp portion of the NS5 gene. Identification of the virus was confirmed by sequencing 326 bp of the envelope gene using primers POWDTVf (ATG GTG TGC AAG AGA GAC CA) and POWDTVr (ACA GTY TGG GCG ACA TCA AT) (University of Maine, Orono). The resulting sequence was aligned with previously published sequences from GenBank and a consensus tree was drawn from 500 bootstrap replicates of the neighbor-joining algorithm in the Geneious Software package (7.1.9 Biomatters Ltd). Tick-borne encephalitis virus was used as an outgroup.
An attempt was made to isolate the virus by intraperitoneal inoculation of clarified 20% suspension of brain tissue (in Hanks Balanced Salt Solution with 1% bovine serum albumin) into two 3-to 4-week-old female balb/c mice (Taconic Laboratories, Rensselaer, New York). Preinoculation mouse serum samples were stored at 4°C. Mice were observed for 21 days for evidence of neurologic disease, after which they were euthanized. Serum and brain samples were removed at necropsy, and analyzed for evidence of infection by serology and RT-PCR, respectively.
RESULTS
Serologic Testing
Acute phase testing for Powassan was IgM positive and IgG negative and serum PRNT was 160 with positive control >320. Convalescent phase Powassan testing was IgM and IgG positive with serum PRNT positive at 2560, with positive control >1280.
RNA Detection, Characterization, and Isolation
The inoculated BALB/c mice seroconverted, confirming the presence of DTV antibodies. However, virus was not detected by RT-PCR in mouse brain tissue.
The case patient's brain sample yielded a 291-bp amplicon for the NS5 gene, and a second extraction of the brain homogenate provided the 326-bp amplicon for the envelope gene, which was sequenced. The cognate RNA sequence from the case patient grouped with others from northeastern US DTV samples ( Figure 1 ). We concluded that the case-patient had been infected by DTV.
DISCUSSION
POWV was first isolated as a cause of encephalitis in 1958 in
Ontario, Canada [9] . Retrospective sequencing of archived isolates supports the concurrent presence of 2 distinct POWV lineages (POWV lineage I and DTV) since the virus was recognized as a cause of human disease [10] [11] [12] [13] . POWV (lineage I) is predominantly maintained in an enzootic cycle between I. cookei and groundhogs; however, it has occasionally been isolated in other ticks (ie, Ixodes spinipalpis and Ixodes marxi) [4] . Despite its prevalence in mammals, human infection with POWV has been rare. This is likely due in part to limited human contact with I. cookei, which is highly host-specific and lives in the nest or burrow of medium-sized mammals [4] . Human bites are infrequent. Based upon prevalence of DTV in I. scapularis ticks [3, 4] , and frequent human contact with these ticks, infection with the DTV lineage would seem more likely.
Human cases of POWV encephalitis have increased from 0.7 cases per year between 1958 and 1998 to 1.3 cases per year from 1999 to 2005 [1] . This increase may in part be due to increased surveillance for flavivirus-induced encephalitis since the arrival in North America of West Nile virus in 1999, but may also reflect the emergence of DTV, which is serologically indistinguishable from POWV, due to range expansion of I. scapularis ticks. Most cases have been reported from the northern tier of the northeastern United States and bordering areas of Canada and from the north-central Midwest, notably Minnesota and Wisconsin. Entomologic surveys in Maine have revealed that the presence of POWV in deer ticks occurs over a wide geographic area (data not presented).
Since the first isolates of DTV were made from ticks in Massachusetts and Connecticut [2, 3, 13] , molecular studies have delineated an 84% similarity in nucleotide sequence identity and 93% in amino acid sequence identity between the 2 viruses [10] [11] [12] . The isolate obtained from our case was most closely allied by neighbor-joining analysis of a portion of the envelope gene with Massachusetts isolates of DTV (Figure 1) .
Most reported cases of POWV had onset between April and December [1, 7, 13] , reflecting the seasonal activity of both I. scapularis and I. cookei ticks. Our case patient presented in late October, the seasonal peak of adult deer tick activity in Figure 1 . Neighbor-joining analysis of a 326-bp portion of the Powassan virus envelope gene; consensus tree for 500 bootstrapped replicates. Numbers at nodes reflect proportion of consistent replicates demonstrating the same topology. Abbreviations: DTV, deer tick virus; ME, maine medical center; POW, Powassan virus; TBE, tick-borne encephalitis.
Maine. The history of erythema migrans preceding her encephalitis suggested that she may have been coinfected with B. burgdorferi, but received prompt antibiotic therapy for Lyme disease and did not seroconvert.
The clinical characteristics of this case are similar to previously published case reports of DTV, which clinically resemble POW lineage I [1, [6] [7] [8] 14] . A prodrome of fever, myalgias, and headache frequently leads to the development of encephalitis, with somnolence and alteration in mental status. In up to 50% of patients, focal neurologic findings, which could include paralysis, seizures, and coma, may occur. Imaging studies often reveal involvement of the thalamus or basal ganglia and midbrain, with or without patchy cortical involvement [14] . CSF pleocytosis is typical. Diagnosis of POWV is best achieved by acute and convalescent serologic testing with PRNT for confirmation. However, differentiation of POWV lineage I from DTV requires nucleotide sequencing.
DTV may pose an increasing threat to public health as deer tick populations increase and expand geographically. Ixodes scapularis ticks (1%-5%) are infected with POWV in most areas of the northeast United States where studies have been done. Although POWV may be transmitted within 15 minutes of tick attachment [15] , POWV encephalitis is rarely reported. Clinical and epidemiologic studies are needed to identify the spectrum of disease due to DTV infection and the burden it poses to public health. 
